The aim of this study was to characterize the microsculpture of the cypselae surface of the Brazilian species of Baccharis L. sect. Caulopterae DC. (Asteraceae), and to compare this data it with the taxonomy of the group. Scanning electron microscopy was used to examine the cypsela surface of 25 taxa of Baccharis sect. Caulopterae from Brazil. According to the micromorphology of the cypsela surface, the species can be classified into five distinct groups. The cypselae of the species of the Baccharis trimera species complex (B. crispa, B. cylindrica, B. jocheniana, B. myriocephala, and B. trimera) share the same micromorphological features.
Introduction
The fruits of the Asteraceae, denominated cypselae, are dry, indehiscent, unilocular, with a single seed that is usually not adnate to the pericarp (linked only by the funicle) and originating from an inferior ovary (Marzinek & al., 2008) . The pappus, a modified calyx, is inserted in the apical region of the cypsela, whilst basally, an abscission region is located in relation to the inflorescence axis (clinanthium) denominated the carpopodium (Roth, 1977) . Cypsela microsculpture analysis has been considered more and more a taxonomic tool, being also important for higher and medium level classification within the family (Bremer, 1994; Anderberg, 1991) .
Baccharis sect. Caulopterae is represented by around 35 species, but the number of species and infraspecific taxa included in the section is variable in the literature, especially due to different taxonomic concepts ). The section is restricted to South America, occurring extensively in the Andes, from Colombia to the Central Argentina, and in Brazil, where the highest number of species in this section is concentrated in the south and southwest (Barroso, 1976; Müller, 2006) . Velez (1981) studied the American genera of Astereae and provided a detailed overview of cypsela morphology and anatomy in the genus Baccharis. Other studies that have contributed to our knowledge of cypsela morphology in this genus are Ariza (1973) , Hellwig (1990) , Mukherjee & Sarkar (2001) and Müller (2006) . The latter author reviewed cypsela characteristics for the genus, and present data with reMicrosculpture of cypselae surface of Baccharis sect.
Caulopterae (Asteraceae) from Brazil by gard to form, shape, colour, indumentum, number of vascular bundles encircling the fruits (ribs), details of the pericarp, and some general considerations concerning microsculpture of the cypsela cuticle.
Here we characterize the microsculpture of the cypselae surface of the Brazilian species of genus Baccharis sect. Caulopterae, and we were particularly interested to see if cypsela characters could help resolve the taxonomy of the B. trimera complex, comprising B. crispa, B. cylindrica, B. jocheniana, B. myriocephala, and B. trimera (Barroso 1976 )".
Material and methods

Scanning Electron Microscopy
Mature cypselae of 25 Brazilian species of Baccharis sect. Caulopterae were collected from herbarium specimens (HBR, ICN, PACA and UEC -see Table 1 ). One representative dry cypsela was then selected per species and mounted on a metallic stub using a carbon adhesive tape and sputter-coated with 20 nm gold using BAL-TEC SCD-050. Electromicrographs of the cypselae were obtained under 10 kV in magnification using a Scanning Electron Microscope (SEM) JEOL-JSM 6060 at the Centro de Microscopia Eletrônica (CME) of the Universidade Federal do Rio Grande do Sul.
Analyses and terminology
The characters we recorded were based on analyses of morphology of the secondary and tertiary sculpture of the surface morphology: smooth or folded, presence or absence of papillae, degree of surface rugosity and presence of cavities. The primary sculpture was not examined since in most species it was lacking. The terminology used for cypselae shape (solid structure) follows Radford (1986) , and microsculpture characterization was based on Barthlott (1981; , Mukherjee & Sarkar (2001) and Müller (2006) .
Baccharis burchellii Baker and B. regnellii Sch. Bip. ex Baker, although belonging to Baccharis sect. Caulopterae and occurring in Brazil were not included in this study because we could not obtain material with mature cypselae.
The nomenclature of species follows recent works, and the following names were considered: B. pentaptera (Less.) DC. (=B. stenocephala Baker, according to Schneider & al., 2009) ). For species belonging to the Baccharis trimera A.A. Scheneider & I.I. Boldrini species complex (B. crispa Spreng., B. cylindrica (Less.) DC., B. myriocephala DC. and B. trimera (Less.) DC.) we followed the circumscription proposed by Barroso (1976) .
Results
The cypselae of Baccharis sect. Caulopterae can be divided into three groups with regard to the number of ribs: 18 species with 5-7 ribs; six with ~14 ribs (B. crispa, B. cylindrica, B. jocheniana, B. myriocephala, B. aff. opuntioides, B. trimera) ; one species with ~20 ribs (B. riograndensis). Cypsela shape varies from narrowly oblong, narrowly oblong to cylindric, narrowly oblong to obovoid, oblanceoloid, oblong and obovoid form ( Table 1) .
The cypselae surface presents a variable microsculpture, mostly with a folded cuticle, but also rugose with the presence of cavities in two species: B. articulata and B. glaziovii. Most species are papillose with digitiform (B. trimera) or globose papillae (B. articulata and B. sagittalis), with length ranging from 2-20 µm by 2-5.5 µm in diameter, with variable distribution on the cypselae surface but they are longer on the vascular bundles (ribs). B. heeringiana, B. pseudovillosa, B. ramboi, B. riograndensis, B. stenocephala, B. usterii and B. vincifolia did not present papillae. A ringshaped carpopodium was observed in all species, and its diameter ranges from 50-120 µm. The SEM study of the cypselae provided important characters which allowed us to distinguish five groups among the sampled species.
GROUP I. Papillose rugose cypselae
In this group, the cypselae present an evenly distributed rugose surface with digitiform papillae. The papillae are longer on the ribs. Carpopodium present, ring-shaped, 90-120 µm diameter. Ribs 5-7. Two species: B. microcephala (Fig. 1A-D) and B. penningtonii ( Fig. 1E-H) .
GROUP II. Epapillose rugose cypselae
Cypselae present a rugose surface, but papillae are absent, or just relictual and slightly salient on the ribs. Cypsela surface slightly folded and with delicate and irregular rugosities. Carpopodium present, ringshaped, 80-110 µm diameter. Ribs 5-7. Five species: B. palustris ( Fig. 2A-D) , B. paranensis (Fig. 2E-H) , B. pseudovillosa (Fig. 2I-L) , B. ramboi ( Fig. 2M-P) and B. vincifolia (Fig. 2Q-T) .
GROUP III. Papillose folded cypselae without cavities
In this group, the cypselae present a folded surface with evenly distributed papillae. Longer papillae on the ribs, the number, concentration, and shape of papillae vary in each species. Carpopodium present, ring-shaped, 40-110 µm diameter. This group pre-sents 12 species and can be divided in two subgroups by the number of ribs: a. with 5-7 ribs consists of B. apicifoliosa (Fig. 3A-D) , B. flexuosiramosa (Fig. 3E-H) , B. milleflora (Fig. 3I-L) , B. organensis ( Fig. 3M-P) , B. phyteumoides (Fig. 3Q-T) and B. sagittalis (Fig. 4A-D) ; b. with ~14 ribs is composed of B. crispa (Fig. 4E-H) , B. cylindrica (Fig. 4I-L) , B. jocheniana ( Fig. 4M-P (Fig. 4Q-T) , B. aff. opuntioides (Fig.  5A-D) , and B. trimera (Fig. 5E-H) .
GROUP IV. Papillose folded cypselae with cavites
The cypselae present a folded surface with evenly distributed papillae. The papillae are globose (B. articulata) or cylindrical and longer on the ribs than in the intercostal region (B. glaziovii). Slight cavities occur on the folded surface. Carpopodium present, ring-shaped, 20-60 µm diameter. Ribs ~ 5. Two species: B. articulata (Fig. 6A-D) and B. glaziovii (Fig.  6E-H) .
GROUP V. Epapillose folded cypselae
The cypselae present a folded surface, with longitudinal folds. Papillae are absent in the intercostal areas, or just relictual, and slightly prominent on the ribs. Carpopodium present, ring-shaped, 50-130 µm diameter. Ribs 5-7 or ~ 20 (B. riograndensis). Four species: B. junciformis (Fig. 7A-D) , B. pentaptera (Fig. 7E-H) , B. riograndensis (Fig. 7I-L) and B. sagittalis ( Fig. 7M-P) .
Discussion
Patterns observed in cypselae morphology in Baccharis sect. Caulopterae were similar to those previously reported for species of other sections of Baccha- A.A. Scheneider & I.I. Boldrini ris (Velez, 1981; Hellwig, 1990; Mukherjee & Sarkar, 2001; Müller, 2006) , which also show a ring-shaped carpopodium and papillose surface. For the tribe Astereae, and for other Baccharis species, the presence of glandular and non-glandular trichomes was also observed (Mukherjee & Sarkar, 2001; Müller, 2006) . Velez (1981) reported that the cypselae of genus Baccharis are not uniform, and he separated them in two groups. Velez (1981) also reported that cypselae may vary from papillose to epapillose, with epidermal cells with slightly lignified walls or not, and a folded or flat cuticle, and these features were also observed in the present study. Additionally, we found that B. articulata and B. glaziovii present cavites, a condition structures not previously reported, although it is possible that this feature is an artefact. The Baccharis sect. Caulopterae species present a carpopodium as characterized by Haque & Godward (1984) , who emphasized that most species of the Asteraceae family have this abscission structure.
Species taxonomically close presented similarities in cypsela surface morphology, reflecting on the groups formed. However, since species of the "Baccharis trimera complex" (B. crispa, B. cylindrica, B. jocheniana, B. myriocephala, and B. trimera) , all showed a similar cypsela micromorphology (Group III.b), cypsela characters were unhelpful to distinguish the species of this group. 
